UTILITY 
PATENT APPLICATION 
TRANSMITTAL 

(On}y for new nonprovisional applications under 37 CFR 1.53(b)) 


Attorney Docket No. 


[ mr"! « 

0057-2533-2YY CONT ri£2 S 


First Inventor or Application Identifier 


Hideki TAKAHASHi ^S"^3 


Title 


INSULATED GATE SEMICONDUCTOR DEVICE AND MANUFACTURING ^ 
METHOD THEREOF [ 



APPLICATION ELEMENTS 

See MPEP chapter 600 concerning utility patent application contents 




Assistant Commissioner for Patents 
ADDRESS TO: Box Patent Application 
Washington, DC 20231 



Fee Transmittal Form (e.g. PTO/SB/17) 
\D (Submit an original and a duplicate for fee processing) 



Specification 



Total Pages 



48 



Drawing(s) (35 U.S.C. 113) Total Sheets 



22 



Oath or Declaration Total Pages 

□ Newly executed (original or copy) 
■I Copy from a prior application (37 C.F.R §1. 63(d)) 

" (for continuation/divisional witfi box 15 completed) 

i- □ DELETION OF INVENTOR(S) 

Signed statement attached deleting inventor{s) named 
in the prior application, see 37 CFR §1.63(d}(2} and 
1.33(b). 



Incorporation By Reference (usable if box 4B is checked) 
The entire disclosure of the prior application, from which a copy of the 
oath or declaration is supplied under Box 4B, is considered to be part 
of the disclosure of the accompanying application and is hereby 
incorporated by reference therein. 



6. 
7. 
8. 

9. 

10. 
11, 

12. 

13. 
14. 



ACCOMPANYING APPLICATION PARTS 

Assignment recorded at Reel/Frame 7851/0231 

37 C.F.R. §3. 73(b) Statement □ pov^er of Attornev 
(when there is an assignee) ^ rower oi Muorney 

English Translation Document (if applicable) 

Information Disclosure Copies of IDS 

Statement (IDS)/PTO-1449 Citations 

Preliminary Amendment with Attachment (1 page) 

White Advance Serial No. Postcard 



Small Entity 
Statementfs) 



Statement filed in prior 
□ application. Status still proper 
and desired. 



Certified Copy of Priority Document(s) 

(If foreign priority is claimed) 



Other: 



Request for Priority 



15. If a CONTIN U ING APPLICATION, check appropriate box, and supply the requisite information below: 

M Continuation □ Divisional □ Continuation-in-part (CIP) of prior application no.: 08/937,163 

Prior application information: Examiner: Hack Group Art Unit. 2812 



i1 6. Amend the specification by inserting before the first line the sentence: 
■ This application is a ■ Continuation □ Division □ Continuation-in-part (CIP) 

September 25, 1997, now allowed, which is a divisional of 
of application Serial No. 08/937,163 Filed on application serial no. 08/566,572, filed November 28, 1995, now 

issued as U.S. Patent 5,751 ,024. 

□ This application claims priority of provisional application Serial No. Filed 



17. CORRESPONDENCE ADDRESS 

OBLON, SPIVAK, MCCLELLAND, MAIER & NEUSTADT, P.O. 
FOURTH FLOOR 
1755 JEFFERSON DAVIS HIGHWAY 
ARLINGTON, VIRGINIA 22202 
(703j 413-3000 
FACSIMILE: (703) 413-2220 




0057-2533-2YY CONT 



IN THE UNITED STATES PATENT & TRADEMARK OFFICE 
IN RE APPLICATION OF: : 

Hideki TAKAHASHI : EXAMINER: To be Assigned 

SERIAL NO : New Application 

FILED: Herewith : GROUP ART UNIT: To be Assigned 

FOR: INSULATED GATE SEMI- : 
CONDUCTOR DEVICE AND MANU- 
FACTURING METHOD THEREOF 

PRHLTMTNARY AMENDMENT 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

SIR: 

Prior to examination on the merits, please amend the above-identified application, as 
follows, without prejudice: 

IN THE CLAIMS 

Please cancel Claims 1-21, without prejudice or disclaimer. 
Please add new Claims 22-39, as follows: 
—22. (New) An insulated gate semiconductor device, comprising: 
a first semiconductor layer of a first conductivity type having first and second main 
surfaces on opposite sides thereof; 

a second semiconductor layer of a second conductivity type provided on said first 
main surface of said first semiconductor layer; 



a third semiconductor layer of said second conductivity type higher in an impurity 
concentration and thinner than said second semiconductor layer, and provided on a surface of 
said second semiconductor layer; 

a fourth semiconductor layer of said first conductivity type provided on a surface of 
said third semiconductor layer; 

a fifth semiconductor layer of the second conductivity type selectively provided in a 
surface of said fourth semiconductor layer and opposing said third semiconductor layer 
through said fourth semiconductor layer; 

a first main electrode disposed across and connected with surfaces of said fourth and 
fifth semiconductor layers; 

a second main electrode provided on said second main surface of said first 
semiconductor layer; 

an insulating film provided on a portion of said fourth semiconductor layer 
interposed between said third and fifth semiconductor layers; and 

a control electrode facing said portion through said insulating film so that said 
portion forms a channel region. 

23. (New) The insulated gate semiconductor device according to claim 22, wherein 
said second semiconductor layer extends through said first semiconductor layer and is 
partially exposed in said second main surface of said first semiconductor layer. 

24. (New) The insulated gate semiconductor device according to claim 22, fiuther 
comprising a sixth semiconductor layer of said second conductivity type higher in an impurity 
concentration than said second semiconductor layer provided between said first and second 
semiconductor layers. 
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25. (New) The insulated gate semiconductor device according to claim 24, wherein 
said sixth semiconductor layer extends through said first semiconductor layer and is partially 
exposed in said second main surface of said first semiconductor layer. 

26. (New) The insulated gate semiconductor device according to claim 22^ wherein 
said first main electrode is not contacting any other semiconductor layer than said fourth and 
fifth semiconductor layers. 

27. (New) A method of manufacturing an insulated gate semiconductor device, 
comprising the steps of: 

(a) forming a semiconductor substrate defining first and second main surfaces and 
having a first semiconductor layer of a first conductivity type and a second semiconductor 
layer of a second conductivity type, said first semiconductor layer being exposed in said first 
main surface and said second semiconductor layer being exposed in said second main surface; 

(b) implanting and diffusing impurity of said second conductivity type to an impurity 
concentration higher than an impurity concentration of said second semiconductor layer into 
said second main surface of said semiconductor substrate to form a third semiconductor layer 
of said second conductivity type in a surface portion of said second semiconductor layer; 

(c) implanting and diffusing impurity of said first conductivity type in a surface of 
said third semiconductor layer to form a fourth semiconductor layer of said first conductivity 
type in a surface portion of said third semiconductor layer, wherein said third semiconductor 
layer is so formed as to be thinner after forming said foxirth semiconductor layer than said 
second semiconductor layer remaining; 

(d) selectively implanting and diffusing impurity of said second conductivity type in 
a surface of said fourth semiconductor layer to selectively form a fifth semiconductor layer of 
said second conductivity type in a surface portion of said fourth semiconductor layer; 
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(e) forming an insulating film on surfaces of said fourth and fifth semiconductor 

layers; 

(f) providing a conductor on said insulating film; 

(g) selectively removing said conductor to form a control electrode facing a portion 
of said fourth semiconductor layer interposed between said third and fifth semiconductor 
layers through said insulating film so that said portion forms a charmel region; 

(h) providing an insulating layer on said surface of said insulating film and an 
surface of said control electrode; 

(i) selectively removing said insulating layer and said insulating film in a region 
that lies across said surfaces of said fourth and fifth semiconductor layers; 

(j) providing a conductor disposed across said surfaces of said fourth and fifth 
semiconductor layers exposed after said step (i) to form a first main electrode; and 

(k) providing a conductor on said first main surface of said semiconductor substrate 
to form a second main electrode. 

28. (New) The method of manufacturing the insulated gate semiconductor device 
according to claim 27 wherein said step (a) comprises the steps of: 

(a-1) preparing a semiconductor substrate body of the first conductivity type having 
two main surfaces; and 

(a-2) providing a semiconductor layer of said second conductivity type with a low 
impurity concentration by the epitaxial growth on one of said main surfaces of said 
semiconductor substrate body to form said second semiconductor layer. 

29. (New) The method ofmanufacturing the insulated gate semiconductor device 
according to claim 27, wherein said step (a) comprises the steps of: 
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(a-1) preparing a semiconductor substrate body of said second conductivity type with 
a low impurity concentration having two main surfaces; 

(a-2) implanting impurity of said first conductivity type into one of said main surfaces 
of said semiconductor substrate body; and 

(a-3) diffusing said impurity implanted into said one main surface to form said first 
semiconductor layer of said first conductivity type. 

30. (New) The method of manufacturing the insulated gate semiconductor device 
according to claim 29, wherein said step (a-2) comprises the step of ( a-2-1) selectively 
implanting impurity of said first conductivity type into said one main surface of said 
semiconductor substrate body. 

3 1 . (New) The method of manufacturing the insulated gate semiconductor device 
according to claim 27, wherein said semiconductor substrate formed in said step (a) further 
comprises a sixth semiconductor layer of said second conductivity type with a high impurity 
concentration interposed between said first semiconductor layer and said second 
semiconductor layer. 

32 . (New) The method of manufacturing the insulated gate semiconductor device 
according to claim 31, wherein said step (a) comprises the steps of: 

(a-1) preparing a semiconductor substrate body of said first conductivity type having 
two main surfaces; and 

(a-2) sequentially forming said sixth semiconductor layer and said second 
semiconductor layer by the epitaxial growth on one of said main surfaces of said 
semiconductor substrate body. 

33. (New) The method of manufacturing the insulated gate semiconductor device 
according to claim 31, wherein said substrate forming step (a) comprises the steps of: 

5 



(a-1) preparing a semiconductor substrate body of said second conductivity type with 
a low impurity concentration having two main surfaces; 

(a-2) forming said sixth semiconductor layer by implanting impurity of said second 
conductivity type and then diffusing on one of said main svirfaces of said semiconductor 
substrate body; and 

(a-3) implanting and then diffusing impurity of said first conductivity type in a 
surface of said sixth semiconductor layer to form said first semiconductor layer. 

34. (New) The method of manufacturing the insulated gate semiconductor device 
according to claim 33, wherein said step (a-3) comprises the steps of: 

(a-3-1) selectively implanting impurity of said first conductivity type into the surface 
of said sixth semiconductor layer; and 

(a-3 -2) diffusing said impurity selectively implanted into the surface of said sixth 
semiconductor layer. 

35. (New) The method of manufacturing the insulated gate semiconductor device 
according to claim 27, wherein, if the impurity concentrations in said second semiconductor 
layer, said third semiconductor layer and said fourth semiconductor layer are taken as C2, C3, 
C4, respectively, said steps (b) and (c) are carried out so that the following relation is 
satisfied: 

C2<C3<C4. 

36. (New) The method of manufacturing the insulated gate semiconductor device 
according to claim 27, wherein said step (d) comprise the steps of: 

(d-1) forming a resist pattern selectively having an opening in a surface of said 
fourth semiconductor layer on said surface of said fourth semiconductor layer; and 
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(d-2) implanting and diffusing impurity of said second conductivity type using said 
resist pattern as a mask to selectively form a fifth semiconductor layer of said second 
conductivity type in a surface portion of said fourth semiconductor layer. 

37. (New) The method of manufacturing the insulated gate semiconductor device 
according to claim 27, wherein said step (i) comprises the steps of: 

(i-1) forming a resist pattern selectively having an opening that lies across said 
surfaces of said fourth and fifth semiconductor layers on said surface of said insulating layer; 
and (i-2) selectively removing said insulating layer and said insulating film using said resist 
pattern as a mask. 

38. (New) The method of manufacturing the insulated gate semiconductor device 
according to claim 30, wherein said step (a-2) further comprises the step of (a-2-2) forming a 
resist pattem having a selectively formed opening on said one main surface of said 
semiconductor substrate body; and 

said step (a-2-1) comprises the step of (a-2- 1-1) selectively implanting impurity of 
said first conductivity type into said one main surface of said semiconductor substrate body 
using said resist pattem formed on said one main surface as a mask. 

39. (New) The method of manufacturing the insulated gate semiconductor device 
according to claim 34, wherein said step (a-3) fiirther comprises the step of (a-3-3) forming a 
resist pattern having a selectively formed opening on the surface of said sixth semiconductor 
layer; and 

said step (a-3-1) comprises the step of (a-3-1-1) selectively implanting impurity of 
said first conductivity type into the surface of said sixth semiconductor layer using said resist 
pattem formed on the surface of said sixth semiconductor layer as a mask.— 
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REMARKS 

The present application is a continuation of prior application serial number 
08/937,163, filed on September 25, 1997, now allowed, which was a divisional application of 
application serial number 08/566,572, filed on November 28, 1995, now issued as patent 
number 5,751,024. 

In the present application, claims 1-21 have been cancelled due to prosecution in 
one of the aforementioned parent cases, with new claims 22-39 being added by way of 
present amendment. 

The new set of Claims 22-39 are expanded so as to exclude the claim limitation 
related to the trench firom the allowable or allowed claims in the previous applications. The 
present claims are directed to non-trench type (i.e., planar type) devices as illustrated in, for 
example. Fig. A, submitted as an Attachment herewith. Applicant submits that the present 
amendment is not believed to raise a question of new matter. 
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In view of the foregoing, favorable consideration of Claims 22-39 is felt to be in 



order and the same is hereby respectfully requested. 



Crystal Square Five - Fourth Floor 

1755 Jefferson Davis Highway 

Arlington, VA 22202 

(703)413-3000 

Fax (703) 413-2220 

/arh 

I:\atty\CRV\0057\00572533.pre 



Respectfully submitted. 



OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 




Gregory J. Maier 
Registration No. 25,599 
Attorney of Record 
Carlos R. Villamar 
Registration No. 43,224 



9 




Attadhment - Atty. Docket No. 0057-2533 -^YY CONT 
Oblori/ Spivak et al 



. COPY 

TITLE OF THE INVENTION 

Insulated Gate Semiconductor Device and Manufacturing Method Thereof 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to insulated gate semiconductor devices and 
manufacturing methods thereof and, particularly to the device structure with a low 
ON voltage of an insulated gate bipolar transistor having a trench MOS gate and 
a manufacturing method thereof. 

10 

Description of the Background Art 

Fig.26 is a cross-sectional view of a conventional insulated gate 
semiconductor device, and a description is made on an insulated gate bipolar 
transistor with the trench gate structure (referred to as an IGBT, hereinafter, and an 
15 IGBT with the trench gate structure is referred to as a U-type IGBT) as an 
example. 

Recently, the IGBTs are used in the voltage resonance circuits, which are 
high frequency inverters for energy conservation, miniaturization, and weight 
reduction of household electric appliances, and used in intelligent power modules 

20 for performing variable speed control of three-phase motors in the fields of the 
general purpose inverters, the AC servo, and the air conditioners, etc., and they are 
now in general use. In the IGBTs, which are key devices thereof, devices with 
good switching characteristic, low saturation voltage and large SOA (Safe Operating 
Area) are demanded while the switching characteristic, the saturation voltage and 

25 the SOA are in the trade-off relation. 
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In Fig.26, the reference numeral 1 denotes a P"^ collector layer, the reference 
numeral 2 denotes an N~ layer, the reference numeral 3 denotes a P base layer, the 
reference numeral 4 denotes an N"" emitter layer, the reference numeral 5 denotes 
a trench, the reference numeral 6 denotes a gate insulating film, the reference 
5 numeral 7 denotes a gate electrode, the reference numeral 8 denotes an interlayer 
insulating film, the reference numeral 9 denotes an N*^ buffer layer, the reference 
numeral 10 denotes an emitter electrode, the reference numeral 11 denotes a 
collector electrode, and the reference numeral 12 denotes a channel region. 
Next, operation of the IGBT will be described, 

10 When a certain collector voltage V^e is applied between the emitter electrode 

10 and the collector electrode 11 and a certain gate voltage Wq^ is applied between 
the emitter electrode 10 and the gate electrode 7, that is, when the gate is turned 
on, the channel region 12 is inverted into the N-type and a chaimel is formed. 
Electrons are injected from the emitter electrode 10 through the channel into the N" 

15 layer 2. The injected electrons establish forward bias between the P"^ collector layer 
1 and the N" layer 2 and holes are injected from the collector electrode 11 via the 
P"" collector layer 1 and the N"" buffer layer 9 into the N~ layer 2, As a result, 
resistance of the N' layer 2 decreases because of the conductivity modulation and 
the current capacity of the IGBT increases. The voltage drop between collector- 

20 emitter of the IGBT at this time is the ON voltage (ycEiSAT))- 

Next, when turning the IGBT from an ON state to an OFF state, the gate 
voltage V^H applied between the emitter electrode 10 and the gate electrode 7 is 
brought to OV or the backward bias, that is, the gate is tumed off, and then the 
channel region 12 inverted into the N-type returns to the P-type and the injection 

25 of electrons from the emitter electrode 10 is stopped. Subsequently, the electrons 
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and holes accumulated in the N" layer 2 go through to the collector electrode 11 
and the emitter electrode 10, respectively, or they are recombined and disappear. 

Generally, the ON voltage of the IGBT is mostly determined by substantial 
resistance of the iN" layer 2 required to hold the breakdown voltage. Factors of the 
5 substantial resistance include the electron supplying capability of the MOSFET 
forming the IGBT. In the structure of the U-type IGBT in which a narrow and 
deep trench is formed in the surface of a chip and a MOSFET is formed on the 
sidewall thereof, the electron supplying capability of the MOSFET can be increased 
by reducing the unit cell interval as much as possible. 
10 Fig.27 is a circuit diagram showing an equivalent circuit of the IGBT. 

In Fig.27, the reference numeral 15 is a bipolar transistor, and the reference 
numeral 16 is a MOSFET. 

Generally, the IGBT is represented by the equivalent circuit shown in Fig.27. 
Since h^ of the bipolar transistor 15 formed of the collector layer 1, the N layer 
15 of a combination of the buffer layer 9 and the N" layer2, and the F base layer 
of the IGBT is small, however, the IGBT can be considered a combination of the 
MOSFET and the diode 17. 

Fig.28 is a circuit diagram showing an equivalent circuit of the IGBT when 
hfe of the bipolar transistor 15 is assumed small. 
20 In Fig.28, the reference numeral 17 is a diode and the reference numeral 18 

is a MOSFET. 

Fig.29 is a graph showing the carrier concentration distribution of an N' 
layer in an ON state of a PIN diode. 

As the MOSFET 18 can be regarded as a mere switching element in Fig.28, 
25 the carrier concentration distribution of the N" layer of the PIN diode 17 of the 
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IGBT should be something like the carrier concentration distribution of the N" layer 
of the PIN diode as shown in Fig.29, but it is not. 

Fig.30 is a graph showing the carrier concentration distribution of the N' 
layer 2 in an ON state in a conventional IGBT. 
5 While the carrier concentration of the N~ layer in the ON state of the PIN 

diode is uniform between the end of the N" layer on the anode side and the end on 
the cathode side as shown in Fig.29, the carrier concentration of the N" layer 2 in 
the ON state in the conventional IGBT gradually decreases from the end of the N" 
layer 2 on the collector side to the end on the emitter side, as shown in Fig,30, 
10 Accordingly, the ON voltage of the conventional IGBT is higher than that of the 
diode. 

Especially, in the IGBT with a high breakdown voltage, the breakdown 
voltage is secured by increasing the thickness of the N' layer 2. The gradient of 
the decrease of the carrier concentration of the N" layer 2 from the end on the 

15 collector side toward the end on the emitter side is not affected by the thickness of 
the N" layer 2 if the carrier life time is the same, so that the difference in the 
carrier concentration between the end on the collector side and the end on the 
emitter side increases as the N~ layer 2 becomes thicker, and the difference in the 
ON voltage from the diode increases as the IGBT has a higher breakdown voltage. 

20 Various devices are considered for the purpose of eliminating such a 

difference between the ON voltage of the IGBT and the ON voltage of the diode, 
which is considered limiting value of the ON voltage of the IGBT. They include 
the MCT (MOS CONTROLLED THYRISTOR) and the lEGT (INJECTION 
ENHANCED GATE BIPOLAR TRANSISTOR). 

25 Fig.31 is a cross-sectional view showing the structure of the MCT. 
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In Fig.31, the reference numeral 21 denotes an cathode region, the 
reference numeral 22 denotes an N region, the reference numeral 23 denotes a P"" 
region, the reference numeral 24 denotes a channel region in gate on, and the 
reference numeral 25 denotes a channel region in gate off, or an OFF channel 
5 region. Other reference characters are the same as those in Fig.26. 

It is known that the carrier concentration distribution of the N" layer 2 in the 
ON state in the MCT generally takes the distribution similar to that of a diode. 
Accordingly, the ON voltage is lower in the MCT than in the IGBT with the 
conventional structure. 
10 However, when off, the P-channel MOS formed of the P base layer 3, the 

N region 22 and the P* region 23 forms a channel by the inversion of the OFF 
channel region 25, through which channel holes flow. Hence, there is a problem 
that the current value capable of being turned off can not be large, considering that 
the resistance of the OFF channel region 25 is generally high. There is also a 
15 problem that the processes are complicated and the devices are expensive because 
an N-channel MOS for ON and a P-channel MOS for OFF must be formed in the 
triple diffusion in the surface. 

Examples of the lEGT include one disclosed in Japanese Patent Laying- 
Open No.5-243561. 

20 For example, in the lEGT shown in Fig. 101 of Japanese Patent Laying-Open 

No.5-243561, the N emitter regions and the P base regions of some cells in the U- 
type IGBT are coated with insulating layers, and the contact between the N emitter 
regions and the P base regions, and the emitter electrode is eliminated. 

Operation of the lEGT is basically the same as that of the U-type IGBT, 

25 but, since the cells are formed in which contact between the N emitter region and 
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the P base region, and the emitter electrode is not formed, the hole current going 
through to the P base region in the ON state is restricted, holes are accumulated in 
the N-type base layer surface, and the carrier concentration distribution of the N- 
type base layer results in the same one as that of a diode, and the ON vohage of 
5 the lEGT becomes lower than the U-type IGBT. 

It operates basically in the same way as the U-type IGBT also in the OFF 
state, but a less number of cells operate as compared with the U-type IGBT when 
holes accumulated in the N-type base layer go through to the emitter electrode, and 
the holes go through a less number of cells. 

10 The movement of holes at this time becomes a base current of a parasitic 

bipolar transistor formed of the N-type base layer, the P base region and the 
emitter region, and when it exceeds the built-in potential (generally 0,6 V), the 
parasitic bipolar transistor turns on. Accordingly, in the lEGT in which part of 
cells of the U-type IGBT are taken away, a current value capable of being turned 

15 off may have to be set smaller than in the common U-type IGBT so that the 
parasitic transistor will not turn on. 

SUMMARY OF THE INVENTION 

According to a first aspect of the present invention, an insulated gate 

20 semiconductor device comprises: a first semiconductor layer of a first conductivity 
type having first and second main surfaces; a second semiconductor layer of a 
second conductivity type with a low impurity concentration provided on the first 
main surface of the first semiconductor layer; a third semiconductor layer of the 
second conductivity type with an impurity concentration higher than the impurity 

25 concentration of the second semiconductor layer provided in close contact on a 
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surface of the, second semiconductor layer; a fourth semiconductor layer of the first 
conductivity type provided in close contact on a surface of the third semiconductor 
layer; a fifth semiconductor layer of the second conductivity type selectively 
provided in a surface of the fourth semiconductor layer; a trench having an opening 
5 in a surface of the fifth semiconductor layer and having a depth extending through 
at least the fourth semiconductor layer from the surface of the fifth semiconductor 
layer; an insulating film provided on an inner wall of the trench; a control electrode 
provided in the trench, facmg the fourth semiconductor layer through the insulating 
film; a first main electrode provided on the surface of the fourth and fifth 

10 semiconductor layers; and a second main electrode provided on the second main 
surface of the first semiconductor layer. 

Preferably, according to a second aspect of the present invention, the trench 
has a depth which extends through the third semiconductor layer as well to reach 
the second semiconductor layer. 

15 Preferably, according to a third aspect of the present invention, the trench 

has a depth which stays in the third semiconductor layer. 

Preferably, according to a fourth aspect of the present invention, the second 
semiconductor layer extends through the first semiconductor layer and is partially 
exposed in the second main surface of the first semiconductor layer. 

20 Preferably, according to a fifth aspect of the present invention, a sixth 

semiconductor layer of the second conductivity type with an impurity concentration 
higher than the impurity concentration of the second semiconductor layer is 
provided between the first semiconductor layer and the second semiconductor layer. 
Preferably, according to a sixth aspect of the present invention, the sixth 

25 semiconductor layer extends through the first semiconductor layer and is partially 
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exposed in the second main surface of the first semiconductor layer. 

Preferably, according to a seventh aspect of the present invention, the trench 
includes a plurality of unit trenches arranged side by side, and a part of the exposed 
surface of the fourth semiconductor layer is arranged being interposed between the 
5 unit trenches adjacent each other. 

Preferably, according to an eighth aspect of the present invention, the 
exposed surface of the fourth semiconductor layer is divided into a plurality of unit 
exposed surfaces by a part of the fifth semiconductor layer, the plurality of unit 
exposed surfaces being provided alternately with part of the fifth semiconductor 

10 layer along the trench. 

According to a ninth aspect of the present invention, a method of 
manufacturing an insulated gate semiconductor device comprises: a substrate 
forming step of forming a semiconductor substrate defining first and second main 
surfaces and having a first semiconductor layer of a first conductivity type and a 

15 second semiconductor layer of a second conductivity type with a low impurity 
concentration, the first semiconductor layer being exposed in the first main surface 
and the second semiconductor layer being exposed in the second main surface; a 
fibrst implantation step of implanting and diffusing impurity of the second 
conductivity type to an impurity concentration higher than the impurity 

20 concentration of the second semiconductor layer into the second main surface of the 
semiconductor substrate to form a third semiconductor layer of the second 
conductivity type in a surface portion of the second semiconductor layer; a second 
implantation step of implanting and diffusing impurity of the first conductivity type 
in a surface of the third semiconductor layer to form a fourth semiconductor layer 

25 of the first conductivity type in a surface portion of the third semiconductor layer; 
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a third implantation step of forming a resist pattern selectively having an opening 
in a surface of the fourth semiconductor layer on the surface of the fourth 
semiconductor layer and implanting and diffusing impurity of the second 
conductivity type using the resist pattern as a mask to selectively form a fifth 

5 semiconductor layer of the second conductivity type in a surface portion of the 
fourth semiconductor layer; a first removing step of forming a shield film having 
an opening surrounding a part of a surface of the fifth semiconductor layer on the 
surface of the fourth semiconductor layer and the surface of the fifth semiconductor 
layer and selectively removing the semiconductor substrate using the shield film as 

10 a mask to form a trench with a depth extending through at least the fourth 
semiconductor layer, and removing the shield film after that; a first step of forming 
an insulating film on the surfaces of the trench, the fourth semiconductor layer and 
the fifth semiconductor layer; a first provision step of providing a conductor on the 
insulating film so that the trench is filled; a second removing step of uniformly 

15 removing the provided conductor to the opening of the trench so as to leave the 
conductor in the trench as a control electrode; a second provision step of providing 
an insulating layer on the surface of the insulating film and a surface of the 
conductor buried in the trench; a third removing step of forming a resist pattern 
having an opening surrounding the surface of the fourth semiconductor layer and 

20 a part of the surface of the fifth semiconductor layer on the surface of the insulating 
layer and selectively removing the insulating layer and the insulating film using the 
resist pattern as a mask; a step of providing a conductor on the surfaces of the 
fourth and fifth semiconductor layers exposed by the third removing step to form 
a first main electrode; and a step of providing a conductor on the first main surface 

25 of the semiconductor substrate to form a second main electrode. 
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Preferably, according to a tenth aspect of the present invention, in the first 
removing step, the trench is formed with a depth extending also through the third 
semiconductor layer. 

Preferably, according to an eleventh aspect of the present invention, the 
5 trench is formed with a depth which stays in the third semiconductor layer in the 
first removing step. 

Preferably, according to a twelfth aspect of the present invention, the 
substrate forming step comprises the steps of; preparing a semiconductor substrate 
body of the first conductivity type having two main surfaces, and providing a 

10 semiconductor layer of the second conductivity type with a low impurity 
concentration by epitaxial growth on one of the main surfaces of the semiconductor 
substrate body to form the second semiconductor layer. 

Preferably, according to a thirteenth aspect of the present invention, the 
substrate forming step comprises the steps of; preparing a semiconductor substrate 

15 body of the second conductivity type with a low impurity concentration having two 
main surfaces, implanting impurity of the first conductivity type into one of the 
main surfaces of the semiconductor substrate body; and diffusing the impurity 
implanted into the one main surface to form the first semiconductor layer of the 
first conductivity type. 

20 Preferably, according to a fourteenth aspect of the present invention, the step 

of implanting the impurity of the first conductivity type comprises the steps of, 
forming a resist pattern having a selectively formed opening on one of the main 
surfaces of the semiconductor substrate body, and selectively implanting impurity 
of the first conductivity type into the one main surface of the semiconductor body 

25 using the resist pattern formed on the one main surface as a mask. 
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Preferably, according to a fifteenth aspect of the present invention, the 
semiconductor substrate formed in the substrate forming step further comprises a 
sixth semiconductor layer of the second conductivity type with a high impurity 
concentration interposed between the first semiconductor layer and the second 
5 semiconductor layer. 

Preferably, according to a sixteenth aspect of the present invention, the 
substrate forming step comprises the steps of; preparing a semiconductor substrate 
body of the first conductivity type having two main surfaces, and sequentially 
forming the sixth semiconductor layer and the second semiconductor layer by the 

10 epitaxial growth on one of the main surfaces of the semiconductor substrate body. 

Preferably, according to a seventeenth aspect of the present invention, the 
substrate forming step comprises the steps of; preparing a semiconductor substrate 
body of the second conductivity type with a low impurity concentration having two 
main surfaces, forming the sixth semiconductor layer by implanting impurity of the 

15 second conductivity type and then diffusing on one of the main surfaces of the 
semiconductor substrate body, and implanting and then diffusing impurity of the 
first conductivity type in a surface of the sixth semiconductor layer to form the first 
semiconductor layer. 

Preferably, according to an eighteenth aspect of the present invention, the 

20 step of forming the first semiconductor layer comprises the steps of; forming a 
resist pattern having a selectively formed opening on the surface of the sixth 
semiconductor layer, selectively implanting impurity of the j5rst conductivity type 
into the surface of the sixth semiconductor layer using the resist pattern formed on 
the surface of the sixth semiconductor layer as a mask, and diffusing the impurity 

25 selectively implanted into the surface of the sixth semiconductor layer. 
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Preferably, according to a nineteenth aspect of the present invention, if the 
impurity concentrations in the second semiconductor layer, the third semiconductor 
layer and the fourth semiconductor layer are taken as C2, C3, C4, respectively, the 
first implantation step and the second implantation step are carried out so that the 
5 relation is C2<C2<C^* 

According to the insulated gate semiconductor device of the first aspect, 
carriers, e.g., holes passing through to the &st main electrode via the third 
semiconductor layer in a stale where the gate is ON are restricted by the third 
semiconductor layer and accumulated in the second semiconductor layer in the 

10 vicinity of the boundary between the second semiconductor layer and the third 
semiconductor layer, and the carrier distribution of the second semiconductor layer 
resembles the carrier distribution of a diode. This reduces the ON voltage. When 
the gate changes from the ON state to the OFF state, when electrons and holes 
accumulated in the second semiconductor layer respectively move to the second 

15 main electrode and the first main electrode, the effect as a barrier on movement of 
holes via the third semiconductor layer is small because a high voltage is applied 
between the first main electrode and the second main electrode. Accordingly, a 
current value capable of being turned off is not decreased in spite of the low ON 
voltage. Thus, an insulated gate semiconductor device with low power 

20 consumption, small size^'lajge capacity and high reliability is realized. 

In accordance with the insulated gate semiconductor device according to the 
second aspect, since the trench has a depth which passes also through the third 
semiconductor layer and reaches the second semiconductor layer, the electric field 
concentration at the end of the trench is moderated and it is easy to ensure the 

25 breakdown voltage. Hence, it enables construction of elements ranging from a 
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relatively low voltage class to a high voltage class, and is applicable to various 
required specifications. 

In accordance with the insulated gate semiconductor device according to the 
third aspect, as the trench has a depth which stays in the third semiconductor layer, 
5 the thickness of the third semiconductor layer with high impurity concentration is 
large and the ON voltage is further decreased. Accordingly, an insulated gate 
semiconductor device with low power consumption can be provided especially in 
the high breakdown voltage class. 

In accordance with the insulated gate semiconductor device according to the 

10 fourth aspect, as the second semiconductor layer extends through the &st 
semiconductor layer and is partially exposed in the second main surface of the first 
semiconductor layer and the second semiconductor layer is shorted with the second 
main electrode, electrons can easily be moved to the second main electrode when 
turning off, resulting in high switching speed. 

15 In accordance with the insulated gate semiconductor device according to the 

fifth aspect, as the sixth semiconductor layer of the second conductivity type with 
an impurity concentration higher than the impurity concentration of the second 
semiconductor layer is disposed between the first semiconductor layer and the 
second semiconductor layer, extension of a depletion layer is stopped by the sixth 

20 semiconductor layer in the OFF state. Accordingly, punch-through is not apt to 
occur and the breakdown voltage is high. 

In accordance with the insulated gate semiconductor device according to the 
sixth aspect, since the sixth semiconductor layer extends through the first 
semiconductor layer and is partially exposed in the second main surface of the first 

25 semiconductor layer, the sixth semiconductor layer is shorted with the second main 
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electrode. As a result, electrons move easily to the second main electrode when 
turning off, and the switching speed is increased. 

In accordance with the insulated gate semiconductor device of the seventh 
aspect, since a plurality of trenches are provided and a part of the exposed surface 
5 of the fourth semiconductor layer is arranged being interposed between adjacent 
trenches, a channel region can be taken large when configuring a plurality of cells, 
which enables downsizing and large capacity. 

In accordance with the insulated gate semiconductor device according to the 
eighth aspect, since the exposed surface of the fourth semiconductor layer is divided 
10 into a plurality by a part of the fifth semiconductor layer and they are disposed 
alternately with the part of the fifth semiconductor layer along the trench, a contact 
region in which the first main electrode makes contact with the fourth 
semiconductor layer and the fifth semiconductor layer can be made using the fifth 
semiconductor layer provided between the fourth semiconductor layers. As a result, 
15 it is not necessary to consider mask errors when forming the contact region, and the 
cells can be made smaller and can have higher density, so that the ON voltage can 
be reduced. Furthermore, contact regions can be arranged in good balance in the 
entire surface of the element and thus the performance characteristics of cells can 
be made uniform in the entire surface of the element. 
20 In accordance with the method of manufacturing the insulated gate 

semiconductor device according to the ninth aspect, impurity of the second 
conductivity type is implanted and diffused to an impurity concentration higher than 
the impurity concentration of the second semiconductor layer in the exposed surface 
of the second semiconductor layer of the semiconductor substrate to form the third 
25 semiconductor layer, the fourth semiconductor layer of the first conductivity type 
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is formed on the surface of the third semiconductor layer, the fifth semiconductor 
layer is selectively formed in the surface of the fourth semiconductor layer, a trench 
extending at least through the fourth semiconductor layer is formed in a part of the 
surface of the fifth semiconductor layer, an insulated film is formed on the surface 
5 of the trench, and a conductor is provided on the insulating film and removed 
uniformly to the opening of the trench, leaving the conductor in the trench as a 
control electrode, so that an insulated gate semiconductor device with a low ON 
voltage and an unreduced current value capable of being tumed off can be 
manufactured at low cost without using complicated processes. 

10 In accordance with the method of manufacturing the insulated gate 

semiconductor device according to the tenth aspect, a trench passing through the 
third semiconductor layer is formed in a part of the surface of the fifth 
semiconductor layer, so that an insulated gate semiconductor device applicable to 
a variety of required specifications can be manufactured at low cost without using 

15 complicated processes. 

In accordance with the method of manufacturing the insulated gate 
semiconductor device according to the eleventh aspect, since the trench which stays 
in the third semiconductor layer is formed in a part of the surface of the fifth 
semiconductor layer, an insulated gate semiconductor device with a low ON voltage 

20 and small power consumption can be manufactured at low cost by using processes 
with a short procedure time especially in the high breakdown voltage class. 

In accordance with the method of manufacturing the insulated gate 
semiconductor device according to the twelfth aspect, as the second semiconductor 
layer of the second conductivity type with a low impurity concentration is formed 

25 by the epitaxial growth on the surface of the semiconductor substrate of the first 
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conductivity type in the process of forming the semiconductor substrate, a device, 
especially with a relatively thin second semiconductor layer and a low breakdown 
voltage can be manufactured without using complicated processes in a short 
manufacturing time. 

5 In accordance with the method of manufacturing the insulated gate 

semiconductor device according to the thirteenth aspect, in the step of forming the 
semiconductor substrate, impurity of the first conductivity type is implanted into the 
surface of the semiconductor substrate of the second conductivity type with a low 
impurity concentration and then diffused to form the first semiconductor layer of 

10 the first conductivity type, so that the step of forming the semiconductor substrate 
include the diffusion step as a main process. Accordingly, devices especially with 
a relatively thick second semiconductor layer and a high breakdown voltage can be 
manufactured at low cost. 

In accordance with the method of manufacturing the insulated gate 

15 semiconductor device according to the fourteenth aspect, as the resist pattern having 
a selectively formed opening is formed on the one main surface of the 
semiconductor substrate and the impurity of the first conductivity type is implanted 
by using the resist pattern as a mask, the exposed surface of the second 
semiconductor layer can be formed simultaneously with the implant and diffusion 

20 process for forming the second semiconductor layer. Accordingly, an insulated gate 
semiconductor device with high switching speed can be efficiently produced at low 
cost. 

In accordance with the method of manufacturing the insulated gate 
semiconductor device according to the fifteenth aspect, in the step of forming the 
25 semiconductor substrate, as the semiconductor substrate is formed in which the 
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second semiconductor layer of the second conductivity type with a low impurity 
concentration is provided on one main surface of the first semiconductor layer of 
the first conductivity type through the sixth semiconductor layer of the second 
conductivity type with the high impurity concentration, an insulated gate 
5 semiconductor device which is not prone to punch-through can be manufactured 
at low cost 

In accordance with the method of manufacturing the insulated gate 
semiconductor device according to the sixteenth aspect, since the sixth 
semiconductor layer and the second semiconductor layer are sequentially formed 

10 on the one main surface of the semiconductor substrate of the first conductivity 
type by the epitaxial growth, an insulated gate semiconductor device which is not 
apt to suffer from punch-through can be manufactured at low cost using processes 
with a short procedure time. 

In accordance with the method of manufacturing the insulated gate 

15 semiconductor device according to the seventeenth aspect, impurity of the second 
conductivity type is implanted and diffused into the one main surface of the 
semiconductor substrate of the second conductivity type with a low impurity 
concentration to form the sixth semiconductor layer, and then impurity of the first 
conductivity type is implanted and diffused into the surface of the sixth 

20 semiconductor layer to form the first semiconductor layer, so that an insulated gate 
semiconductor device which is not apt to suffer from punch-through can be 
manufactured at low cost by using processes mainly including a diffusion step. 

In accordance with the method of manufacturing the insulated gate 
semiconductor device according to the eighteenth aspect, the resist pattern having 

25 a selectively formed opening is formed on the surface of the sixth semiconductor 
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layer and impurity of the first conductivity type is implanted using this resist 
pattern as a mask, so that the exposed surface of the sixth semiconductor layer can 
be formed simultaneously with the implant and diffusion process for forming the 
first semiconductor layer. Accordingly, an insulated gate semiconductor device 

5 which is not apt to suffer from punch-through and has a high switching speed can 
be manufactured efficiently at low cost. 

In accordance with the method of manufacturing the insulated gate 
semiconductor device according to the nineteenth aspect, if the impurity 
concentrations of the second semiconductor layer, the third semiconductor layer and 

10 the fourth semiconductor layer are taken to be Cj, C3, and C4, respectively, the first 
implantation process and the second implantation process are carried out so that 
they have the relation of C2<C^<C^y and then a time required for the diffusion 
process is reduced. Accordingly, an insulated gate semiconductor device can be 
manufactured at low cost, 

15 The present invention has been made to solve such problems as described 

earlier, and it is an object of the present invention to provide an insulated gate 
semiconductor device in which a current value capable of being turned off is not 
decreased even if structure for reducing the ON voltage is adopted and a method 
of manufacturing the same, 

20 These and other objects, features, aspects and advantages of the present 

invention will become more apparent from the following detailed description of the 
present invention when taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 Fig.l is a plan view of an insulated gate semiconductor device according to 



19 

a preferred embodiment of the present invention. 

Fig.2 is a partial plan view of part of cells of the insulated gate 
semiconductor device of the present invention. 

Fig.3 is a fragmentary sectional view of part of cells of the insulated gate 
5 semiconductor device of the present invention. 

Fig.4 is a graph showing results of comparison of ON voltages of the 
insulated gate semiconductor device of this invention, a PIN diode and a 
conventional insulated gate semiconductor device. 

Fig.5 is a fragmentary sectional view of the element in a process of 
10 manufacturing the insulated gate semiconductor device of the present invention. 

Fig.6 is a fragmentary sectional view of the element in a process of 
manufacturing the insulated gate semiconductor device of the present invention. 

Fig.7 is a fragmentary sectional view of the element in a process of 
manufacturing the insulated gate semiconductor device of the present invention. 
15 Fig.8 is a fragmentary sectional view of the element in a process of 

manufacturing the insulated gate semiconductor device of the present invention. 

Fig.9 is a fragmentary sectional view of the element in a process of 
manufacturing the insulated gate semiconductor device of the present invention. 
Fig.lO is a fragmentary sectional view of the element in a process of 
20 manufacturing the msulated gate semiconductor device of the present invention. 

Fig. 11 is a fragmentary sectional view of the element in a process of 
manufacturing the insulated gate semiconductor device of the present invention. 

Fig. 12 is a fragmentary sectional view of the element in a process of 
manufacmring the insulated gate semiconductor device of the present invention. 
25 Fig.l3 is a fragmentary plan view of an insulated gate semiconductor device 
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according to another preferred embodiment of the present invention. 

Fig. 14 is a fragmentary sectional view taken along the A-A section of the 
insulated gate semiconductor device according to another preferred embodiment of 
the present invention, 

5 Fig, 15 is a fragmentary sectional view taken along the B-B section of the 

insulated gate semiconductor device according to another preferred embodiment of 
the present invention. 

Fig. 16 is a fragmentary sectional view of an insulated gate semiconductor 
device according to still another preferred embodiment of the present invention. 
10 Fig. 17 is a graph showing values of the breakdown voltage and the ON 

voltage of the insulated gate semiconductor device of the present invention. 

Fig. 18 is a fragmentary sectional view of an insulated gate semiconductor 
device according to a further preferred embodiment of the present invention. 

Fig. 19 is a fragmentary sectional view of a modified example of the 
15 insulated gate semiconductor device according to the further preferred embodiment 
of the present invention. 

Fig.20 is a fragmentary sectional view of the element in a process of 
manufacturing the insulated gate semiconductor device according to the further 
preferred embodiment of the present invention. 
20 Fig.21 is a fragmentary sectional view of the element in a process of 

manufacturing the insulated gate semiconductor device according to the farther 
preferred embodiment of the present invention. 

Fig.22 is a fragmentary sectional view of an insulated gate semiconductor 
device according to still another preferred embodiment of the present invention. 
25 Fig,23 is a fragmentary sectional view of the insulated gate semiconductor 
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device according to the still another preferred embodiment of the present invention. 

Fig.24 is a fragmentary sectional view of the element in a process of 
manufacturing the insulated gate semiconductor device according to the still another 
preferred embodiment of the present invention. 
5 Fig.25 is a fragmentary sectional view of the element in a process of 

manufacturing the insulated gate semiconductor device according to the still another 
preferred embodiment of the present invention. 

Fig.26 is a fragmentary sectional view of a conventional IGBT, 

Fig.27 is a circuit diagram showing an equivalent circuit of the IGBT. 
10 Fig.28 is a circuit diagram showing an equivalent circuit of the IGBT. 

Fig.29 is a graph showing the carrier concentration distribution of an N" 
layer of a PIN diode. 

Fig.30 is a graph showing the carrier concentration distribution of the N" 
layer of the conventional IGBT. 
15 Fig.31 is a fragmentary sectional view of a conventional insulated gate 

semiconductor device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First Preferred Embodiment 
20 Fig.l is a plan view of an insulated gate semiconductor device according to 

a preferred embodiment of the present invention. The description will now be 

given on a U-type IGBT as an example of the insulated gate semiconductor device. 
Fig.2 is a fragmentary plan view of part of ceils of the U-type IGBT shown 

in Fig.l, and Fig.3 is a fragmentary sectional view taken along the A- A section of 
25 the part of cells shown in Fig,2. Fig.2 is depicted with the emitter electrode 51 and 
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the interlayer insulating film 50 in Fig.3 removed therefrom. 

In Fig.l, the reference numeral 30 denotes a U-type IGBT, the reference 
numeral 31 denotes an emitter electrode as a first main electrode, the reference 
numeral 32 denotes a gate interconnection, the reference numeral 33 denotes a gate 
pad and the reference numeral 34 denotes part of cells. 

In Fig.2 and Fig.3, the reference numeral 41 denotes a P* collector layer as 
a first semiconductor layer, the reference numeral 42 denotes an N" layer as a 
second semiconductor layer, the reference numeral 43 denotes an N layer as a third 
semiconductor layer, the reference numeral 44 denotes a P base layer as a fourth 
semiconductor layer, the reference numeral 45 denotes an emitter region as a 
fifth semiconductor layer, the reference numeral 46 denotes an buffer layer as 
a sixth semiconductor layer, the reference numeral 47 denotes a trench as a groove, 
the reference numeral 48 denotes a gate insulating film as an insulating film, the 
reference numeral 49 denotes a gate electrode as a control electrode, the reference 
numeral 50 denotes an interlayer insulating film and the reference numeral 51 
denotes an emitter electrode as a first main electrode, which is a part of the emitter 
electrode 31 shown in Fig.l. The reference numeral 52 denotes a collector 
electrode as a second main electrode, the reference numeral 53 denotes a channel 
region and the reference numeral 56 denotes an end comer of the trench 47. In 
Fig.2, the regions C between the two-dot chain lines designated by the braces are 
regions covered with the interlayer insulating film 50. 

The gate insulating film 48 is usually a thermal oxide film which is SiOj, 
and the gate electrode 49 is polysilicon doped with P-type impurities. The 
interlayer insulating film 50 is formed of silicate glass containing boron and 
phosphorus (referred to as BPSG, hereinafter), the emitter electrode 51, the gate 
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interconnection 32 and the gate pad 33 are formed of AL containing Si (referred 
to as Al-Si, hereinafter), and the collector electrode 52 is formed of AlMoNiAu 
alloy, respectively. 

The gate interconnection 32 is connected to the gate electrode 49 of the cells, 

5 and it has a function of reducing the polysilicon part in the route from the gate 
electrode 49 to the gate pad 33 so as to decrease the electric resistance from the 
gate electrode 49 to the gate pad 33, and making the control operation of elements 
uniform in the entire area of the elements. 

In the U-type IGBT of this preferred embodiment, the buffer layer 46 is 

10 provided on the surface of the P"" collector layer 41, and the N" layer 42 is provided 
on the surface of the N"" buffer layer 46. Further, the N layer 43 is provided on the 
N" layer 42, and the P base layer 44 is provided thereon. The emitter regions 
45 are provided in the surface of the P base layer 44 like belts at intervals, and the 
trench 47 which extends from the surface of the emitter layer 45 through the P 

15 base layer 44 and the N layer 43 to reach the N' layer 42 is provided along the 
elongate direction of the beltlike shape of the emitter region 45. 

The gate insulating film 48 is provided on the inner wall of the trench 47 
and the gate electrode 49 is buried inside of the trench 47 to the opening in the 
surface of the N"" emitter region 45. Accordingly, the gate electrode 49 faces the 

20 surface of the P base layer 44 through the gate insulating film 48 in the trench 47, 
and the surface of the P base layer 44 to which the gate electrode 49 faces becomes 
the chaimel region 53. 

Adjacent trenches 47 are disposed through the emitter regions 45 adjacent 
to the respective trenches 47 and the exposed surface of the P base layer 44 

25 disposed between the N"^ emitter regions 45. 
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The surface of the gate electrode 49 is covered with the interlayer insulating 
film 50, and the emitter electrode 51 is provided on the surface of the element 
where the emitter regions 45 and the P base layers 44 are provided, through the 
interlayer insulating film 50, so that the N"" emitter regions 45 and the P base layers 

5 44 are shorted. The gate interconnection 32 connected to the gate electrodes 49 and 
the gate pad 33 are provided on the surface of the element being insulated from the 
N"" emitter regions 45 and the P base layers 44. The collector electrode 52 is 
provided on the other surface of the P"^ collector layer 41. 

As examples of dimensions of respective parts in an element in the 

10 breakdown voltage 2000V class, the thickness from the surface of the element, i.e., 
the exposed surface of the P base layer 44 or the surface of the N"^ emitter layer 45 
to the boundary between the N" layer 42 and the N"^ buffer layer 46 is about 200 
/mi, the impurity concentration of the N" layer 42 is 5xl0^^cm"^ the interval of the 
trenches 47 is about 4 jum^ and the depth of the trench 47 from the surface of the 

15 N"" emitter region 45 is about 8 fcra. The depths of the junction surface of the 
bottom of the emitter region 45 and the P base layer 44, the junction surface of 
the P base layer 44 and the N layer 43 and the junction surface of the N layer 43 
and the N" layer 42 are respectively about 1 jum, about 3 fim and about 7 jum from 
the surface of the emitter region 45 or the P base layer 44, The thickness of the 

20 N"" layer 46 is about 10 ^um, and the thickness of the P^ collector layer 41 is about 
300 /um. 

Next, operation will be described. 

When a certain collector voltage V^^ is applied between the emitter electrode 
51 and the collector electrode 52 and a certain gate voltage Wq^ is applied between 
25 the emitter electrode 51 and the gate electrode 49, that is, when the gate is turned 
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on, the channel region 53 is inverted into the N-type and a channel is formed. 
Electrons are injected through the channel from the emitter electrode 51 via the N 
layer 43 into the N" layer 42. The injected electrons establish forward bias between 
the P"" collector layer 41 and the N" layer 42 through the N*" buffer layer 46 and 

5 holes are injected from the collector electrode 52 via the collector layer 41 and 
the N"" buffer layer 46 into the N" layer 42. As a result, resistance of the N~ layer 
42 considerably decreases because of conductivity modulation and the current 
capacity of the IGBT increases. 

The holes injected into the N' layer 42 go through to the emitter electrode 

10 51, but the N layer 43 is provided between the N" layer 42 and the P base layer 44, 
intersecting the route of movement of the holes between the trenches 47. 
Accordingly, the N layer 43 restricts the movement of the holes to the P base layer 
44, and the holes are accumulated in the N" layer 42 in the vicinity of the boundary 
between the N~ layer 42 and the N layer 43, resulting in such carrier distribution 

15 of the N' layer 42 as that of the diode shown in Fig.29. Hence, the carrier 
distribution of the N" layer 42 will not decrease on the emitter side, as in the 
conventional IGBT, and the ON voltage in the IGBT of this preferred embodiment 
is lower than that in the conventional IGBT. 

Next, when turning the IGBT from an ON state to an OFF state, the gate 

20 voltage V^e applied between the emitter electrode 51 and the gate electrode 49 is 
brought to OV or the backward bias, that is, the gate is tumed off, and then the 
channel region 53 inverted into the N-type returns to the P-type and the injection 
of electrons from the emitter electrode 51 is stopped and the injection of holes from 
the P"" collector layer 41 to the N~ layer 42 is also stopped. Subsequently, the 

25 electrons and holes accumulated in the N" layer 42 go through to the collector 
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electrode 52, the emitter electrode 51, respectively^ or they are rebonded and 
disappear. 

While the N layer 43 is provided intersecting the route along which the holes 
go through to the emitter electrode 51, a high voltage, e.g., 2000 V in this preferred 

5 embodiment, is applied as a collector voltage in an OFF state, unlike in the ON 
state. Accordingly, the N layer 43 with this thickness does not serve as a barrier, 
producing no effect on the movement of the holes. Hence, a current value almost 
the same as that in the conventional IGBT is ensured as a current value capable of 
being turned off, and which is not reduced. 

10 Fig.4 is a graph showing results of comparison and consideration of the ON 

voltages of the U-type IGBT of this preferred embodiment, the PIN diode and the 
conventional U-type IGBT by simulation. 

In Fig, 4, is a collector voltage and 1^ is a collector current. For 
comparison, Vf which is equivalent to the ON voltage of the IGBT was also 

15 computed about the PIN diode. In this PIN diode, an N"" layer of 1 /Am is provided 
in the N~ layer. 

As can be seen from the graph of Fig,4, comparison of the ON voltages with 
the current value 50 A/cm^ as a rated current results in 2.5 V in the diode, 2.7 V 
in the IGBT having the N layer 43 of this preferred embodiment, and 3.2 V in the 
20 conventional IGBT with no N layer 43, and Vce(sa'i^ of the IGBT with the N layer 
43 shows almost the same value as Vf of the diode. 

As discussed above, according to this preferred embodiment, a U-type IGBT 
with a low ON voltage and a current value capable of being turned off uiureduced 
can be obtained with the simple structure in which the N layer 43 is provided 
25 between the N" layer 42 and the P base layer 44 in the U-type IGBT. 
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Also, in this preferred embodiment, the end of the trench 47 slightly 
protrudes from the N layer 43. The breakdown voltage of the U-type IGBT is 
determined by the electric field distribution in the vicinity of the comer 56 of the 
end of the trench 47. Accordingly, with the structure with the end of the trench 47 
5 slightly protruding from the N layer 43, a depletion layer extends in the lateral 
direction when a collector voltage is applied and the electric field concentration in 
the vicinity of the end comer 56 of the trench 47 is moderated. 

The effect of moderating the electric field concentration in the vicinity of the 
end comer 56 of the trench 47 does not appear considerably particularly when the 
10 collector voltage is high as in this simulation condition, but it considerably affects 
in the case of a relatively low collector voltage such as several hundred V and the 
breakdown voltage is secured. Accordingly, the stmcture with the end of the trench 
47 slightly protruding from the N layer 43 provides a U-type IGBT in which the 
breakdown voltage is easy to ensure in a wide variety of voltage classes ranging 
15 from elements with a relatively low voltage to elements with a high voltage. 

Next, one example of the method of manufacturing the U-type IGBT of this 
preferred embodiment will be described. 

Fig,5-Fig.l2 are fragmentary sectional views showing the element in each 
process. 

20 First, an N"" layer 61 and an N" layer 62 are sequentially formed on a P'' 

silicon substrate 60 by the epitaxial growth. Next, N-type impurities are implanted 
in the surface of the N" layer 62 and annealing is applied so that the N-type 
impurities are dififused to form an N layer 63. Further, P-type impurities are 
implanted into the surface of the N layer 63 and aimealing is applied to form a P 

25 base layer 64. 
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In this process, if impurity concentrations of the N~ layer 62, the N layer 63 
and the P base layer 64 are respectively represented by C4, performing the 

implant and diffusion of the N-type impurities and the P-type impurities so that 
C2<C^<C4 will facilitate implantation of the P-type impurities and a manufacturing 
5 time can be reduced. (Refer to Fig.5) 

Next, resist is provided on the surface of the P base layer 64 and a resist 
pattern 65 with a plurality of parallel zonal openings is formed by the 
photolithographic process, and using which resist pattern 65 as a mask, N-type 
impurities are implanted to a high concentration in the surface of the P base layer 
10 64 and diffused by annealing, and thus the N"" emitter regions 66 are formed. 
(Refer to Fig.6) 

Subsequently, an oxide film 67 as a shield film is formed on the surfaces of 
the P base layer 64 and the N"" emitter regions 66, and a mask for silicon etching 
having zonal openings with a width narrower than the N"*" emitter region 66 on the 

15 surfaces of the N^ emitter regions 66 is formed from this oxide film 67, and etching 
is conducted by the RIE (Reactive Ion Etching) using the mask for silicon etching 
as a mask, and thus the trenches 68 are formed which extend from the N"" emitter 
region 66 surfaces through to the N" layer 62, (Refer to Fig.7) Then, the oxide 
film 67 is removed by etching. 

20 Next, a thermal oxide film 69 is formed on the surface of the trenches 68, 

the P base layers 64 and the N"^ emitter regions 66, and poly silicon 70 doped with 
N-type impurities is provided on the oxide film 69 formed on the surface of the P 
base layers 64, the N"" emitter regions 66 and the trenches 68 so as to fill the 
trenches 68. (Refer to Fig.8) 

25 Next, the provided poly silicon 70 is etched back to the openings of the 
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trenches 68, leaving the polysilicon 70 buried in the trenches 68. (Refer to Fig.9). 

Subsequently, a BPSG 71 is provided on the surface of the oxide film 69 on 
the surface of the P base layers 64 and the emitter regions 66 and on the 
surfaces of the polysilicon 70 buried in the trenches 68. (Refer to Fig.lO) 

5 Next, resist is provided on the surface of the BPSG 71 and a resist pattern 

72 with zonal openings surrounding the surface of the P base layer 64 and part of 
the N"" emitter regions 66 between adjacent trenches 68 and parallel to the trenches 
68 is formed by the photolithography process, and then etching is applied to the 
BPSG 71 and the oxide film 69 using the resist pattern 72 as a mask to form the 

10 interlayer insulating films 71 on the surface of the polysilicon 70 buried in the 
trenches 68. (Refer to Fig. 11) 

After that, Al-Si is provided on the surface of element where the P base 
layers 64, the N* emitter regions 66 and the interlayer insulating films 71 are 
provided so that the P base layers 64 and the emitter regions 66 exposed by the 

15 etching are shorted, and thus the gate interconnection connected to the emitter 
electrode 73 and the polysilicon 70 in the trenches 68 and the gate pad are made 
simultaneously. (Refer to Fig. 12) 

Further, a drain electrode is formed on the surface of the P* substrate 60. 
By adopting such manufacturing steps, the U-type IGBT of this preferred 

20 embodiment can be manufactured at low cost. 

Second Preferred Embodiment 

Fig. 13 is a fragmentary plan view of a U-type IGBT according to another 
preferred embodiment of the present invention. Fig. 14 is a fragmentary sectional 
25 view along the A- A section of part of the cells shown in Fig. 13, and Fig. 15 is a 



30 

fragmentary sectional view along the B-B section of the part of cells shown in 
Fig. 13. Fig. 13 is depicted with the emitter electrode 51 and the interlay er insulating 
film 50 removed therefrom. The region C between the two-dot chain lines shown 
by the braces is a region covered with the interlayer insulating film 50. 

5 In Fig.l3, Fig.l4, and fig.l5, in the U-type IGBT of this preferred 

embodiment, the plane shape of the N"^ emitter region 45 formed between trenches 
47 is formed in a ladder-like shape. That is to say, the emitter regions 45 are 
zonally arranged in parallel with the exposed surfaces of the P base region 44 
interposed therebetween, the trenches having openings in the surface of the N"" 

10 emitter region 45 extend in the elongate direction of the emitter regions 45, and 
the N"" emitter regions 45 between adjacent gate electrodes 49 are coupled with 
coupling portions 55, the exposed surfaces of the P base region 44 being disposed 
altemately with the coupling portions 55. 

Structure in other parts is the same as the U-type IGBT of the first preferred 

15 embodiment. 

By forming the plane shape of the emitter region 45 in such ladder-like 
shape, the contact region in which the emitter electrode 51 puts the N"^ emitter 
region 45 and the P base region 44 into contact can be taken in the coupling 
portion 55, so that it is not necessary to consider mask errors when forming the 

20 contact regions. That is, it is not necessary to consider margin for mask error when 
forming the resist pattern 72 shown in Fig. 11, so that the cell intervals can be 
reduced, and then the cells can be miniaturized more as compared with the structure 
in which the N"" emitter regions 45 are formed simply along the gate electrodes 49, 
as shown in Fig.2. Also, the contact regions can be disposed in good balance in 

25 the entire surface of the element. 
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Accordingly, higher density of the elements can be realized and the ON 
voltage can be reduced, and performance characteristics of respective cells can be 
uniform in the entire element, 

5 Third Preferred Embodiment 

Fig. 16 is a fragmentary sectional view of a U-type IGBT according to still 
another preferred embodiment of the present invention. 

In Fig, 16, in the U-type IGBT of this preferred embodiment, the N layer 43 
has a larger thickness so that the boundary between the N layer 43 and the N" layer 
10 42 is deeper than the end of the trench 47. 

Other structure is the same as the first preferred embodiment. 
In this preferred embodiment, holes injected into the layer 42 in an ON 
state go through to the emitter electrode 51, but the movement of the holes to the 
P base layer 44 is restricted by the N layer 43, and the holes are accumulated in the 
15 N" layer 42 in the vicinity of the boundary between the N" layer 42 and the N layer 
43, with the result that the N'" layer 42 has such carrier distribution as of the diode 
shown in Fig.29 and the ON voltage is reduced, as in the first preferred 
embodiment. 

In this preferred embodiment, the ON voltage is reduced more because the 
20 N layer 43 with low resistance is thicker, 

Fig-17 is a graph showing values of the breakdown voltage and the ON 
voltage with respect to the depth of the boundary between the N" layer 42 and the 
N layer 43. The abscissa shows the depth from the element surface, i.e., the 
exposed surface of the P base layer 44 or the surface of the emitter region 45 
25 to the boundary between the N~ layer 42 and the N layer 43, and the left ordinate 
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shows the breakdown voltage and the right ordinate shows the ON voltage ycEiSAT)- 
As to the conditions of this simulation, the thickness from the element 

surface, i.e., the exposed surface of the P base layer 44 or the surface of the N"^ 

emitter region 45 to the boundary between the N" layer 42 and the N"" buffer layer 
5 46 is about 200 ^m, the impurity concentration of the N" layer 42 is SxlO^^cm"'^, 

the interval of the trench 47 is about 4 juiriy and the depth of the trench 47 from the 

surface of the emitter region 45 is about 8 jum. 

In Fig. 17, A-A designates the depth of the boundary between the P base 

layer 44 and the N layer 43 from the element surface, and the values of the 
10 breakdown voltage and the ON voltage on this line are those in the case where the 

boundary depth of the P base layer 44 and the N layer 43 and the boundary depth 

of the N" layer 42 and the N layer 43 are the same, that is, where no N layer 43 

is provided. 

As can be seen from Fig. 17, the value of Vce(sat) decreases as the thickness 
15 of the N layer 43 increases, and the ON voltage decreases in correspondence with 
the thickness of the N layer 43. The breakdown voltage, however, rapidly 
decreases when exceeding a certain critical value of the thickness of the N layer 43. 
In this preferred embodiment, the breakdown voltage rapidly decreases when the 
boundary depth of the N" layer 42 and the N layer 43 becomes deeper than the 
20 bottom of the trench 47 by about 8 fmi. Accordingly, the ON voltage can be made 
as low as possible by making the N layer 43 thicker as far as the breakdown 
voltage permits. 

When the N layer 43 is arranged so that the boundary between the N layer 
43 and the N" layer 42 is deeper than the end of the trench 47 as in this preferred 
25 embodiment, it can be applied effectively especially to the case of elements with 
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high breakdown voltage class. 

That is to say, if the collector voltage in the OFF state is high, the electric 
field concentration in the vicinity of the end comer 56 of the trench 47 does not 
affect a decrease in the breakdown voltage so much even if the end of the trench 
5 47 largely protrudes from the boundary between the P base layer 44 and the N 
layer 43. 

Also, as the class of the breakdown voltage is high, even if the N layer 43 
is made thicker, the N layer 43 with such thickness as will not cause the breakdown 
voltage to rapidly decrease does not serve as a barrier against the movement of the 
10 holes when changing &om the ON state to the OFF state, producing no effects on 
the decrease of the current in turn off. 

Accordingly, the structure of this preferred embodiment can provide a U- 
type IGBT with a lower ON voltage. 

Further, the structure of this preferred embodiment where the N layer 43 has 
15 a large thickness so that the boundary between the N layer 43 and the N" layer 42 
is deeper than the end of the trench 47 with the plane shape of the N"" emitter 
region 45 being in the ladder-like form as in the second preferred embodiment can 
make the cell density higher and the performance characteristics of elements 
uniform. 

20 

Fourth Preferred Embodiment 

Fig.18 is a fragmentary sectional view of a U-type IGBT according to yet 
another preferred embodiment of the present invention. 

In Fig.18, in this U-type IGBT, the N" layer 42 is directly provided in 
25 contact with the P"^ collector layer 41, and the N~ layer 42 has its thickness greater 
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than a depletion layer extending from the P base layer 44 when the collector 
voltage is applied. 

In the case of elements in a high breakdown voltage class of 2000V or 
above, the thickness of the N" layer 42 becomes rather thick to ensure the 
5 breakdown voltage. Accordingly, formation of the N" layer 42 on the P"^ substrate 
by the epitaxial growth when producing the element is not advantageous in cost 
because the epitaxial growth requires a lot of time. Therefore, the production cost 
can be reduced by using the N" silicon substrate. 

Fig. 19 is a fragmentary sectional view of a modified example of the 
10 preferred embodiment of the insulated gate semiconductor device of Fig. 18. 

In the U-type IGBT of Fig. 19, the N" layer 42 is directly provided in contact 
with the P"" collector layer 41, and the thickness of the N" layer 42 is greater than 
a depletion layer extending from the P base layer 44 when the collector voltage is 
applied and the thickness of the N layer 43 is great so that the boundary between 
15 the N layer 43 and the N' layer 42 is deeper than the end of the trench 47, which 
produces the same effects as the case of Fig. 18. 

In this preferred embodiment, further by forming the plane shape of the N*^ 
eniitter region 45 into a ladder-like form as the second preferred embodiment, the 
cell density of element can be increased and the ON voltage can be decreased, and 
20 the performance characteristics of each cell can be uniform in the entire element. 

Next, an example of a method of manufacturing the U-type IGBT of this 
preferred embodiment will be described. 

Fig.20 is a fragmentary sectional view showing the element in the 
manufacturing process of the method of manufacturing the U-type IGBT of this 
25 preferred embodiment. Parts which are different from the processes in the 
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manufacturing method shown in the first preferred embodiment are shown here. 

First, P-type impurities are implanted into one main surface of the N" silicon 
substrate 62 and annealing is applied for diffusion, and thus the P"^ collector layer 
60 is formed. (Refer to Fig.20) 
5 Next, N-type impurities are implanted into the other main surface of the N" 

silicon substrate 62 and annealing is applied to diffuse the N-type impurities to 
form the N layer 63. Further, P-type impurities are implanted into the surface of 
the N layer 63 and annealed so as to form the P base layer 64, (Refer to Fig.5) 

Processes of the element production of and after the process of forming the 
10 N"" emitter region 66 in the surface of the P base layer 64 are the same as the 
processes in and after Fig.6 in the first prefened embodiment, 

Fig.21 is a fragmentary sectional view showing the element in a 
manufacturing process of a modified example of the U-type IGBT of this preferred 
embodiment. 

15 Although the manufacturing method in which the N" layer 42 is directly 

provided adjacent to the P"" collector layer 41 has been discussed in the 
manufacturing method of Fig.20, the N"^ buffer layer 46 may be provided between 
the P* collector layer 41 and the N" layer 42. Fig.21 shows a manufacturing 
method in this case. 

20 In Fig.21, N-type impurities are implanted into one main surface of the N" 

silicon substrate 62 and then annealing is applied to diffuse the N-type impurities 
and then the N"" layer 61 is formed. Further, P-type impurities are implanted into 
the surface of the N"^ layer 61 and annealing is applied and then the P*^ layer 60 is 
formed. (Refer to Fig.21) 

25 Next, N-type impurities are implanted into the other main surface of the N" 
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silicon substrate 62 and annealing is applied to diffuse the N-type impurities and 
then the N layer 63 is formed. Further, P-type impurities are implanted into the 
surface of this N layer 63 and annealing is applied and then the P base layer 64 is 
formed. (Refer to Fig.5) 

5 Processes of the element production of and after the process of forming the 

emitter region 66 in the surface of the P base layer 64 are the same as processes 
in and after Fig.6 in the first preferred embodiment. 

In the manufacturing processes of this preferred embodiment, assuming the 
impurity concentrations of the N" layer 62, the N layer 63 and the P base layer 64 

10 to be C3, and C4, performing implantation and diffusion of the N-type 
impurities and the P-type impurities so that they have relation of C2<C^<C4 will 
facilitate implant of the P-type impurities and a manufacturing time is reduced, as 
in the first preferred embodiment. 

As has been described above, the manufacturing cost can be reduced by 

15 using the N~ silicon substrate in this preferred embodiment. 

Fifth Preferred Embodiment 

Fig.22 is a fragmentary sectional view of a U-type IGBT according to still 
another preferred embodiment of the present invention. 
20 In Fig.22, the N"" buffer layer 46 extends through a part of the P"" collector 

layer 41 to be exposed and the exposed surface of the N"^ buffer layer 46 and the 
surface of the P"*" collector layer 41 are both in contact with the collector electrode 
52 and shorted. 

When the IGBT turns from the ON state to the OFF state, after injection ot 
25 electrons from the emitter electrode 51 stops and injection of holes from the P* 



37 

collector layer 41 to the N" layer 42 also stops, part of electrons accumulated in the 
N' layer 42 go through to the collector electrode 52. At this time, if the exposed 
surface of the N"" buffer layer 46 and the collector electrode 52 are shorted, 
electrons can rapidly move to the collector electrode 52. The speed of this 
movement affects the speed of switching, and which can increase the speed of turn 
off of the U-type IGBT. 

Fig.23 is a fragmentary sectional view of a U-type IGBT which is a 
modified example of this preferred embodiment. 

This shows an example which is applied to an element with a rather thick 
N" layer 42 of the fourth preferred embodiment. 

In Fig.23, the N" layer 42 passes through a part of the P"" collector layer 41 
and is exposed, and the exposed surface of the N' layer 42 and the surface of the 
collector layer 41 are both in contact with the collector electrode 52 and shorted. 
In this case, as in the preferred embodiment of Fig.22, when the U-type 
IGBT turns off," electrons accumulated m the N" layer 42 can rapidly move to the 
collector electrode 52. Accordingly, speed of turn off of the U-type IGBT can be 
increased. 

The U-type IGBT in which the buffer layer 46 or the N' layer 42 
extends through a part of the P* collector layer 41 and has an exposed surface as 
in this preferred embodiment can be manufactured at low cost by adopting the 
manufacturing method which uses the N" silicon substrate described in the fourth 
preferred embodiment. 

Next, an example of a method of manufacturing the U-type IGBT of this 
preferred embodiment will be described. 

Fig.24 is a fragmentary sectional view of an element in a process for 
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manufacturing the U-type IGBT of this preferred embodiment. There shown are 
parts different from the processes of the manufacturing method shown in the fourth 
preferred embodiment. 

In Fig.24, first, N-type impurities are implanted into one main surface of the 

5 N" silicon substrate 62 and annealing is applied to diffuse the N-type impurities 
and then the N*^ layer 61 is formed. Next, resist is provided on the surface of the 
N"*" layer 61, a resist pattern 80 having partial opening is formed by the 
photolithography process, and P-type impurities are implanted to a high 
concentration in the surface of the layer 61 using the resist pattern 80 as a mask 

10 and diffused by annealing, leaving part of the surface of the N"* layer 61 as an 
exposure surface, and then the collector layer 60 is selectively formed. 

Processes of and after the process of forming the N layer 63 in the other 
main surface of the N" silicon substrate 62 are the same as those in the fourth 
preferred embodiment, 

15 Fig.25 is a fragmentary sectional view of an element in a manufacturing 

process in the modified example of the U-type IGBT of this preferred embodiment. 

According to the manufacturing method of Fig,25, the P"" collector layer is 
directly formed in one main surface of the N" silicon substrate 62. 

In Fig,25, first, resist is provided on one main surface of the N" silicon 

20 substrate 62, a resist pattern 80 having a partial opening is formed by the 
photolithography, and P-type impurities are implanted to a high concentration into 
one main surface of the N' silicon substrate 62 by using the resist pattern 80 as a 
mask and diffused by annealing, leaving part of the surface of the N" silicon 
substrate 62 as an exposure surface, and then the P"" collector layer 60 is selectively 

25 formed. 
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Processes of and after the process of forming the N layer 63 in the other 
main surface of the silicon substrate 62 are the same as those in the fourth 
preferred embodiment. 

The U-type IGBTs m which the N"" buffer layer 46 or the N" layer 42 passes 
5 through a part of the P"" collector layer 41 and has an exposure surface can be 
manufactured at low cost according to the manufacturing method. 

By the way, although the present invention has been described about the N- 
channel U-type IGBT in the description above, it is a matter of course that the 
present invention can be applied to the P-channel U-type IGBTs, 
10 While the invention has been described in detail, the foregoing description 

is in all aspects illustrative and not restrictive. It is understood that numerous other 
modifications and variations can be devised without departing from the scope of the 
invention. 
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1. An insulated gate semiconductor device, comprising: 

a first semiconductor layer of a first conductivity type having first and 
5 second main surfaces; 

a second semiconductor layer of a second conductivity type with a low 
impurity concentration provided on the first main surface of said first 
semiconductor layer; 

a third semiconductor layer of the second conductivity type with an impurity 
10 concentration higher than the impurity concentration of said second semiconductor 
layer and provided in close contact on a surface of said second semiconductor 
layer; 

a fourth semiconductor layer of the first conductivity type provided in close 
contact on a surface of said third semiconductor layer; 
15 a fifth semiconductor layer of the second conductivity type selectively 

provided in a surface of said fourth semiconductor layer; 

a trench having an opening in a surface of said fifth semiconductor layer and 
having a depth extending through at least said fourth semiconductor layer from the 
surface of said fifth semiconductor layer; 
20 an insulating film provided on an inner wall of said trench; 

a control electrode provided in said trench, facing said fourth semiconductor 
layer through said insulating film; 

a first main electrode provided on the surface of said fourth and fifth 
semiconductor layers; and 
25 a second main electrode provided on the second main surface of said first 
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semiconductor layer, 

2. The insxilated gate semiconductor device according to claim 1, wherein 
said trench has a depth which extends also through said third semiconductor layer 

5 to reach said second semiconductor layer. 

3. The insulated gate semiconductor device according to claim 1, wherein 
said trench has a depth which stays in said third semiconductor layer. 

10 4. The insulted gate semiconductor device according to claim 3, wherein a 

thickness of said third semiconductor layer between a bottom of said trench and 
said second semiconductor layer is not more than a critical thickness at which a 
rapid decrease appears in a breakdown voltage of said insulated gate semiconductor 
device with an increase in the thickness. 

15 

5. The insulated gate semiconductor device according to claim 1, wherein 
said second semiconductor layer extends through said first semiconductor layer and 
is partially exposed in the second main surface of said first semiconductor layer. 

20 6. The insulated gate semiconductor device according to claim 1, wherein a 

sixth semiconductor layer of the second conductivity type with an impurity 
concentration higher than the impurity concentration of said second semiconductor 
layer is provided between said first semiconductor layer and said second 
semiconductor layer. 



25 
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7. The insulated gate semiconductor device according to claim 6, wherein 
said sixth semiconductor layer extends through said first semiconductor layer and 
is partially exposed in the second main surface of said first semiconductor layer. 

5 8. The insulated gate semiconductor device according to claim 1, wherein 

said trench includes a plurality of unit trenches arranged side by side, and 

a part of the exposed surface of said fourth semiconductor layer is provided 
being interposed between said unit trenches adjacent each other. 

10 9. The insulated gate semiconductor device according to claim 8, wherein the 

exposed surface of said fourth semiconductor layer is divided into a plurality of unit 
exposed surfaces by a part of said fifth semiconductor layer, the plurality of unit 
exposed surfaces being arranged alternately with part of said fifth semiconductor 
layer along said trench. 

15 

10. A method of manufacturing an insulated gate semiconductor device, 
comprising: 

a substrate forming step of forming a semiconductor substrate defining first 
and second main surfaces and having a first semiconductor layer of a first 
20 conductivity type and a second semiconductor layer of a second conductivity type 
with a low impurity concentration, said first semiconductor layer being exposed in 
said first main surface and said second semiconductor layer being exposed in said 
second main surface; 

a first implantation step of implanting and diffusing impurity of the second 
25 conductivity type to an impurity concentration higher than the impurity 
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concentration of said second semiconductor layer into said second main surface of 
said semiconductor substrate to form a third semiconductor layer of the second 
conductivity type in a surface portion of said second semiconductor layer; 

a second implantation step of implanting and diffusing impurity of the first 
5 conductivity type in a surface of said third semiconductor layer to form a fourth 
semiconductor layer of the first conductivity type in a surface portion of said third 
semiconductor layer; 

a third implantation step of forming a resist pattern selectively having an 
opening in a surface of said fourth semiconductor layer on the surface of said 
10 fourth semiconductor layer and implanting and diffusing impurity of the second 
conductivity type using the resist pattern as a mask to selectively form a fifth 
semiconductor layer of the second conductivity type in a surface portion of said 
fourth semiconductor layer; 

a first removing step of forming a shield film having an opening surrounding 
15 a part of a surface of said fifth semiconductor layer on the surface of said fourth 
semiconductor layer and the surface of said fifth semiconductor layer and 
selectively removing said semiconductor substratejusing the shield film as a mask 
to form a trench with a depth extending through at least said fourth semiconductor 
layer, and removing said shield film after that; 
20 a first step of forming an insulating film on surfaces of said trench, said 

fourth semiconductor layer and said fifth semiconductor layer; 

a first provision step of providing a conductor on said insulating film so as 
to fill said trench; 

a second removing step of uniformly removing said provided conductor to 
25 the opening of said trench so as to leave the conductor in said trench as a control 
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electrode; 

a second provision step of providing an insulating layer on the surface of 
said insulating film and a surface of the conductor buried in said trench; 

a third removing step of forming a resist pattern having an opening 
5 surrounding the surface of said fourth semiconductor layer and a part of the surface 
of said fifth semiconductor layer on a surface of said insulating layer and 
selectively removing said insulating layer and said insulating film using the resist 
pattern as a mask; 

a step of providing a conductor on the surfaces of said fourth and fifth 
10 semiconductor layers exposed by said third removing step to form a first main 
electrode; and 

a step of providing a conductor on said first main surface of said 
semiconductor substrate to form a second main electrode. 

15 11. The method of manufacturing the insulated gate semiconductor device 

according to claim 10, wherein, in said first removing step, said trench is formed 
with a depth extending also through said third semiconductor layer. 

12. The method of manufacturing the insulated gate semiconductor device 
20 according to claim 10, wherein said trench is formed with a depth which stays in 

said third semiconductor layer in said first removing step, 

13. The method of manufacturing the insulated gate semiconductor device 
according to claim 12, wherein, in said first removing step, said trench is formed 

25 with a depth so that a thickness of said third semiconductor layer between the 
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bottom of said trench and said second semiconductor layer is not more than a 
critical thickness at which a rapid decrease appears in a breakdown voltage of said 
insulated gate semiconductor device with an increase in the thickness, 

5 14. The method of manufacturing the insulated gate semiconductor device 

according to claim 10, wherein said substrate forming step comprises the steps of; 

preparing a semiconductor substrate body of the first conductivity type 
having two main surfaces, and 

providing a semiconductor layer of the second conductivity type with a low 
10 impurity concentration by the epitaxial growth on one of the main surfaces of said 
semiconductor substrate body to forni said second semiconductor layer, 

15. The method of manufacturing the insulated gate semiconductor device 
according to claim 10, wherein said substrate forming step comprises the steps of; 

15 preparing a semiconductor substrate body of the second conductivity type 

with a low impurity concentration having two main surfaces, 

implanting impurity of the first conductivity type into one of the main 
surfaces of said semiconductor substrate body; and 

diffusing said impurity implanted into said one main surface to form said 
20 &st semiconductor layer of the first conductivity type. 

16. The method of manufacturing the insulated gate semiconductor device 
according to claim 15, wherein said step of implanting the impurity of the first 
conductivity type comprises the steps of, 

25 forming a resist pattern having a selectively formed opening on said one 
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main surface of said semiconductor substrate body, and 

selectively implanting impurity of the first conductivity type into said one 
main surface of said semiconductor substrate body using said resist pattern formed 
on said one main surface as a mask. 

5 

17. The method of manufacturing the insulated gate semiconductor device 
according to claim 10, wherein said semiconductor substrate formed in said 
substrate forming step further comprises a sixth semiconductor layer of the second 
conductivity type with a high impurity concentration interposed between said first 

10 semiconductor layer and said second semiconductor layer. 

18. The method of manufacturing the insulated gate semiconductor device 
according to claim 17, wherein said substrate forming step comprises the steps of; 

preparing a semiconductor substrate body of the first conductivity type 
15 having two main surfaces, and 

sequentially forming said sixth semdconductor layer and said second 
semiconductor layer by the epitaxial growth on one of the main surfaces of said 
semiconductor substrate body. 

20 19. The method of manufacturing the insulated gate semiconductor device 

according to claim 17, wherein said substrate forming step comprises the steps of; 

preparing a semiconductor substrate body of the second conductivity type 
with a low impurity concentration having two main surfaces, 

forming said sixth semiconductor layer by implanting impurity of the second 
25 conductivity type and then diffusing on one of the main surfaces of said 
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semiconductor substrate body, and 

implanting and then diffusing impurity of the first conductivity type in a 
surface of said sixth semiconductor layer to form said first semiconductor layer. 

20. The method of manufacturing the insulated gate semiconductor device 
according to claim 19, wherein said step of forming said first semiconductor layer 
comprises the steps of; 

forming a resist pattern having a selectively formed opening on the surface 
of said sixth semiconductor layer, 

selectively implanting impurity of the first conductivity type into the surface 
of said sixth semiconductor layer using said resist pattem formed on the surface of 
said sixth semiconductor layer as a mask, and 

diffusing said impurity selectively implanted into the surface of said sixth 
semiconductor layer. 

21. The method of manufacturing the insulated gate semiconductor device 
according to claim 10, wherein, if the impurity concentrations in said second 
semiconductor layer, said third semiconductor layer and said fourth semiconductor 
layer are taken as C2, C3, C4, respectively, said first implantation step and said 
second implantation step are carried out so that the relation thereof is C2<C3<C4. 
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ABSTRACT OF THE DISCLOSURE 

It is an object to obtain an insulated gate semiconductor device with an 
unreduced current value capable of being turned off while adopting structure for 
reducing the ON voltage, and a manufacturing method thereof. An N layer (43) is 
5 provided in close contact on a surface of an N" layer (42), a P base layer (44) is 
provided in close contact on the surface of the N layer (43), and a trench (47) 
which passes at least through the P base layer (44) is provided, and a gate electrode 
(49) is provided in the trench (47) through a gate insulating film (48). The carrier 
distribution of the N" layer (42) becomes closer to the carrier distribution of a 
10 diode, and an ON voltage is decreased and a current value capable of being turned 
off is not decreased when turning off. Accordingly, there are provided an insulated 
gate semiconductor device with low power consumption, small size, large capacity 
and high reliability. 
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Declaration and Power of Attorney For Patent Application 

Japanese Language Declaration 



As a below named inventor, i tiereby declare that: 



My residence, post office address and citizenship are as stated 
below next to my name, 

1 believe \ am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention entitl- 
ed 



INSULATED GATS SEMiamSJCTOR DEVICE 
AND MANUFACTURING METHCX> THEIMDF 



the specification of which 
(check one) 
S is attached hereto, 
n was filed on 



Application Serial No. 
and was amended on 



(if applicable) 



. . --rsn/T^ u 4-tii*-Tri + ^s-ki-^*sra -fc-^+'-^=naa«m I hereby state that 1 have reviewed and understand the con- 

tents of the above identified specification, including the claims. 



as amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is ma- 
terial to the examination of this application in accordance ^>tn 
Title 37, Code of Federal Regulations, §1. 56(a). 
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Japanese Language Declaration 

^ ^ r -5 Hif^ i±S SI ^ /c #ii tBSI ^ T C e^lB T 
^ : 

Prior foreign applications 



7-054564(P) 

(Number) 
(# ^) 



(Number) 



(Number) 

(# ^) 



(Number) 



Japan 



(Country) 

(H 



(Country) 



(Country) 

(H 



(Country) 
(H ^) 



! hereby claim foreign priority benefits under Title 35, United 
States Code, §119 of any foreign appiication(s) for patent or 
inventor's certificate listed below and have also identified 
below any foreign application for patent or inventor's certifi- 
cate having a filing date before that of the application on 
which priority is clainned: 



14/03/1995 



(Day/ Month /Year Filed) 



(Day/Month/Year Filed) 



(Day/Month/Year Filed) 



(Day/Month/Year Filed) 



Priority claimed 



Q 

Yes 

□ 

Yes 

□ 
Yes 

□ 

Yes 



□ 
No 

□ 
No 

□ 
No 

□ 
No 

4'U 



i2 ^ : 



i hereby claim the benefit under Title 35, United States Code, 
§120 of any United States appticatton(s) listed below and, 
insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States appli- 
cation in the manner provided by the first paragraph of Title 
35, United States Code, §112, I acknowledge the duty to 
disclose material information as defined in Title 37, Code of 
Federal Regulations. §1. 56(a) which occurred between the 
filing date of the prior application and the national or PCT 
international filing date of this application: 



(Application Serial No.) 



(Filing Date) 
(MIS) 



(Status) 
(patented, pending, 
abandoned) 



(Application Serial No.) 



(Filing Date) 



(3^ >£) 



(Status) 
(patented, pending, 
abandoned) 



m±h\^< imimziuiit e n $ ?!)\ ^ li z ti ^(nmtm 



I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on infor- 
mation and belief are believed to be true; and further that 
these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine 
or imprisonment or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent 
issued thereon. 
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Japanese Language Declaration 




Tti^sn^tbr. \:uT(nimx^^z, 


POWER OF ATTORNEY; As a named inventor, 1 hereby 
appoint the following attorney(s) and/or agent<s) to prosecute 
this application and transact ail business in the Patent and 
Trad enn ark Office connected therewith, {list name and reg- 
istration number) 


Norman F, Obion, Registration Number 24,618; Marvin J. Spivak, Registration Number 24,913; C Irvin McClelland, 
! Registration Number 21,124; Gregory J. Maier, Registration Number 25,599; Arthur L Neustadt, Registration Number 24,854; 
Robert C Miller, Registration Number 25,357; Richard D. Keiiy, Registration Number 27,757; James D. Hamilton, Registration 
Number 28,421; Eckhard H. Kuesters, Registration Number 28,870; Robert T. Pous, Registration Number 29,099; Charles L. 
Ghoiz, Registration Number 26,395; Vincent J. Sunderdick, Registration Number 29,004; William E. Beaumont, Registration 
Number 30,996; Steven B. Keiber, Registration Number 30,073; Stuart D. Dwork, Registration Number 31,103; Robert F. 
i Gnuse, Registration Number 27,295; and Jean-Paul Lavaiieye, Registration Number 31,451 




Send Correspondence to: 


! S OBLON, SPIVAK, McCLELLAND, MAffiR & NEUSTADT, P.C., whose Post OfSce Address 
is: Fourth Floor, 1755 Jefferson Davis Highway, Arlington, Virginia 22202 


't. _ -; 


Direct Telephone Calls to: (name and telephone number) 










Full name of sole or first inventor 

Hideki TAKAHASHI 








Inventor's signature Oate 








Post Office Address c/o Mitsi^iishi Denki Kabushiki 
Kaisha, 2-3, Marunouchi 2-chcxne, Chiyoda-k 
TOKYO 100 JAPAN 






Ilia 


Citizenship 

Japan 








Residence 

TOKYO, JAPAN 








FuU name of second joint inventor, if any 






mm2^m%<T)^^ an 


Second Inventor's signature Oate 








Post Office Address 








Citizenship 






few 


Residence 






(Supply similar information and signature for third and sub- 



%l ^ cf: L^'^S ^ itfft r ^ <! <b o) sequent joint inventors.) 
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